Broad band absorption spectroscopy (BBAS) in the UV-visible region is a widely used technique to measure the absolute concentration of radicals in gaseous media. The application domain of this technique is wide, ranging from the detection of atmospheric gases and pollutants 1 to the measurement of the densities of small polyatomic radicals in reactive plasmas 2, 3, 4, 5 . In the past 10 years, the sensitivity of BBAS has been enhanced by two orders of magnitude thanks to the progress in detection system and to recent availability of extremely stable light sources (UV LEDs) 6, 7 . This was necessary to probe reactive plasmas, in which the absorbance by radicals is typically smaller than a few 10 -3 . However, BBAS is restricted to the detection of radicals which absorbs light in the UV-visible domain, i.e. often small polyatomic radicals. For instance, the detection of larger, closed shell molecules is impossible and relies on the use of more sophisticated laser absorption techniques in the infrared region 8,9,10,11 or on mass spectrometry 12, 13 to detect those molecules with a high sensitivity and it should be complementary to the typical UV-visible absorption spectroscopy. However, broad band VUV absorption spectroscopy has not yet been used for probing low pressure reactive plasmas.
Our experimental set up is shown in Fig.1 and has been described in our previous UV-BBAS publications 14, 15 . We are using an industrial, 50 cm diameter etching reactor To record an absorption spectrum, the wavelength of the monochromator is scanned and the intensity I T (λ) of the transmitted light after having passed through the l = 50 cm plasma is acquired. The absorption spectrum is then deduced from the Beer Lambert law:
Where I 0 (λ) is the signal recorded in an empty reactor chamber, A(λ) = Nlσ(λ) is the absorbance, N the density of the absorbing species and σ the absorption cross section. one can distinguish a small contribution from H atoms at 121.6 nm (Lyman α). It is not straightforward to deduce the absolute density of Br 2 from this spectrum since for the same reasons than already mentioned for HBr, the absorption on rotational lines of Br 2 must be saturated and unfortunately it is not permitted to introduce Br 2 , which is liquid at room temperature, into the chamber. However, it is possible to produce known amounts of Br 2 molecules by mixing HBr and Cl 2 gases, which react totally together to form HCl and Br 2 .
9,21
So, the absorption spectrum recorded at pressure p in an stochiometric mixtures (2/1) of HBr/Cl 2 gases, will correspond to the one recorded in a mixture of 2/3.p of HCl and 1/3.p of Br 2 . Using this procedure, we were able to obtain the wavelength dependent absorption spectra of Br 2 at different pressures. So, the absorbance of Br 2 could be calibrated on an absolute scale 22 . It leads to a Br 2 density of 1.45 x 10 13 cm -3 at 600 W rf power (Fig.3) .
6 Fig.4 shows the rf power dependence of the HBr and Br 2 densities in a 5 mTorr HBr plasma without etching substrate. With increasing rf power, the electron density and hence the dissociation fraction of HBr molecules increase. Furthermore, since the gas temperature also increases with the electron density 23 and since the pressure is maintained at 5 mTorr, the observed decrease of the HBr density when the rf power increases (Fig.4) can also partially due to the neutral depletion 24 . In contrast, when the rf power is increased, the dissociation fraction of HBr increases and more Br atoms are available to recombine on the reactor walls leading to a higher Br 2 density. However, above 200 W, an equilibrium is reached between the dissociation of Br 2 by electron impact and its production by recombination on the reactor walls and the observed decay of Br 2 density must also be due to the neutral depletion by gas heating.
In conclusion, VUV absorption spectroscopy is a simple and powerful technique to measure the density of stable molecules in reactive plasmas. Giving access to novel species, it is complementary to the typical absorption spectroscopy in the UV-visible region.
Furthermore, owing to the large strength of the transitions in the VUV region, the technique appears to be highly sensitive. It follows that extremely low densities can be measured with a good accuracy. The drawback is that many absorption bands are saturated. However, this is not an issue since the molecules that can be detected are often stable gases, for which the absorbance can be directly calibrated by filling the reactor with known pressure of these gases. The detection limit of the technique can be drastically improved if the PMT detector is replaced by a VUV sensitive Diode-Array or a CCD detector. This will eliminate the nonquantum noise of the sequential scan of the monochromator and would also significantly reduce the data acquisition time. Information we are reporting in this paper are essential for a better understanding of etching processes in HBr-based plasmas, which are widely used in 7 microelectronic industry to etch silicon, and for which information available in the literature are extremely sparse 8 . 
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